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Incidence, timing, and causes of cerebral
ischemia during carotid endarterectomy
with regional anesthesia
Peter F. Lawrence, MD, Jose C. Alves, MD, Douglas Jicha, MD, Kiran Bhi-
rangi, FRCS, and Philip B. Dobrin, MD, Salt Lake City, Utah
Purpose: Controversy exists regarding the best technique to identify cerebral ischemia
during carotid endarterectomy (CEA). Regional anesthesia allows continuous evaluation
of neurologic function and therefore can help determine the incidence, timing, and caus-
es of cerebral ischemia.
Methods: The timing and clinical manifestations of any neurologic event during CEA and
as long as 30 days afterward was determined by review of operative reports, hospital
charts, and outpatient records of consecutive patients who underwent CEA under
regional anesthesia over a 68-month period.
Results: Two hundred patients underwent CEA; indications were asymptomatic stenosis
>60% in 25%, transient ischemic attack with stenosis >50% in 52%, and prior stroke with
stenosis >50% in 23%. Eight patients (4%) were converted to general anesthesia for non-
ischemic reasons. Of the remaining 192 patients, 183 (95.5%) underwent the procedure
with regional anesthesia and no shunt, 2% had cerebral ischemia and underwent shunt
placement, and 2.5% had cerebral ischemia, were converted to general anesthesia, and
underwent shunt placement. Cerebral ischemia developed in nine patients after carotid
cross-clamping, manifested by loss of consciousness in four, confusion in two, dysarthria
and confusion in one, and decreased contralateral motor strength in two. Immediate
cerebral ischemia developed in four of the nine patients within 1 minute of cross-clamp-
ing; all four underwent shunt placement. In five of the nine patients, cerebral ischemia
occurred between 20 and 30 minutes after cross-clamping; all occurred during relative
intraoperative hypotension (average reduction of 35 mm Hg in the systolic pressure). All
awake patients in whom ischemic symptoms developed immediately regained and main-
tained normal neurologic function with shunt placement. Five of 26 patients (19%) with
contralateral occlusion required a shunt; none had postoperative ischemia. The mean
carotid cross-clamp time was 27 minutes. Postoperative (30 day) complications includ-
ed a 0.5% stroke rate, a 0.5% rate of postoperative transient ischemic attack, a 0.5% rate
of worsening of preexisting acute stroke, and a 0.5% rate of myocardial infarction (no
deaths). Of the nine patients who had intraoperative ischemic changes, none had a post-
operative neurologic deficit; the three patients who had postoperative neurologic
changes had no intraoperative ischemic symptoms.
Conclusions: CEA with regional anesthesia allows continuous neurologic monitoring and
can be performed safely even when contralateral occlusion coexists; intraoperative shunt-
ing for ischemia is necessary in 4.5% of all cases and in 19% of patients with contralat-
eral occlusion. Intraoperative ischemia was flow-related in our patients; it occurred early
from ipsilateral carotid clamping and late from reduced collateral flow as a result of
hypotension. Monitoring should be continued throughout cross-clamping to identify
late cerebral ischemia. Postoperative cerebral ischemia is not associated with intraopera-
tive ischemia, if corrected. (J Vasc Surg 1998;27:329-37.)
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Recent prospective randomized trials have
demonstrated that carotid endarterectomy (CEA)
is indicated in asymptomatic and symptomatic
patients with high-grade carotid artery stenosis,
but the benefit of this procedure is dependent on
low perioperative stroke rates.1,2 Reduction in peri-
operative stroke risk is accomplished by selecting
optimal surgical candidates, performing a techni-
cally precise procedure, and managing patients’ risk
factors after operation in an optimal manner. Inves-
tigators who have evaluated stroke risk in the peri-
operative period have found that technical errors
and reduced cerebral blood flow during the proce-
dure are most often responsible for cerebral
ischemia and perioperative strokes.3 There is still
controversy in the literature regarding the most
appropriate type of anesthesia to maintain cerebral
blood flow during clamping of the carotid artery.
Most series that address issues related to cerebral
ischemia have small numbers of patients4 or com-
bine patients who underwent CEA under general
and regional anesthesia.5 This makes the time and
etiologic mechanism of cerebral ischemia difficult
to determine because the onset of a neurologic
event can only be evaluated in the awake patient.
This paper attempts to determine the incidence,
timing, and causes of cerebral ischemia in the
awake patient during CEA performed with the
patient under regional cervical anesthesia.
METHODS
Selection of patients. This paper reports data
on 192 patients who underwent CEA under region-
al anesthesia over a 68-month period. The study
included (1) asymptomatic patients with >60%
carotid stenosis; (2) symptomatic patients with focal
symptoms (transient ischemic attack [TIA], amauro-
sis fugax) and >50% stenosis; (3) patients with some
residual neurologic function after having a stroke
and with >50% stenosis; and (4) patients with non-
lateralizing symptoms (vertebrobasilar) and >50%
stenosis. Contralateral occlusion influenced decision
making in asymptomatic patients who underwent
CEA with >50% rather than 60% carotid stenosis.
Stroke in evolution was never an indication for CEA.
Recurrent carotid stenosis surgery, common CEA,
and CEA combined with subclavian steal were
excluded from analysis. All CEAs performed since
publication of the ACAS and NASCET clinical trial
reports adhered to these more stringent recommen-
dations, although patients who underwent opera-
tion before these reports met the other preceding
criteria.
JOURNAL OF VASCULAR SURGERY
330 Lawrence et al. February 1998
Preoperative evaluation. On the basis of the
clinical selection criteria stated above, all patients
underwent arch and four-vessel cerebral angiograph-
ic examination. Most patients also underwent
duplex carotid scanning before angiography,
although the percent stenosis in this study was deter-
mined exclusively by angiogram. Cardiac evaluation
was performed at the discretion of the operating sur-
geon on the basis of clinical evaluation.
Choice of anesthesia. Patients who were able to
communicate and move either contralateral limb
had regional anesthesia recommended for their
CEA. The patients who refused regional anesthesia
underwent CEA under general anesthesia and were
excluded from analysis. Patients in whom anxiety,
shortness of breath, or agitation developed after
placement of the regional anesthetic block were con-
verted to general anesthesia. None of these patients
had a cerebrovascular event.
Regional anesthetic techniques. Patients
underwent a superficial and deep cervical plexus
block using bupivacaine, Xylocaine, or both. For
complete pain control, supplementation of the
carotid sheath was often required with 5 to 10 ml of
1% Xylocaine. Carotid bulb injection with 1% Xylo-
caine was performed for sinus bradycardia. Intra-
venous sedation was used for anxiety. Blood pressure
was maintained at or 20 mm Hg above preoperative
baseline pressures. Sodium nitroprusside was used to
control systemic hypertension, and dopamine,
phenylephrine, or both were used for hypotension.
Surgical technique. After administration of the
regional anesthetic block, exposure of the carotid
arteries was performed using standard techniques.
All patients were heparinized with 5000 to 7500
units, and heparin was not reversed unless excessive
bleeding could not be controlled. A brief neurolog-
ic assessment was performed after the carotid artery
was clamped. Patients in whom neurologic deterio-
ration developed, as manifested by severe agitation
or convulsion that would preclude safe shunt place-
ment, were immediately converted to general anes-
thesia, a shunt was placed, and CEA was performed.
Patients in whom no neurologic symptoms devel-
oped underwent CEA in a routine manner under
regional anesthesia with minimal or no sedation to
permit repeated neurologic evaluation during the
entire procedure. Intraluminal shunts were placed
whenever neurologic deterioration occurred. Prima-
ry closure with 6-0 polypropylene was used in most
patients; patches with PTFE, Dacron, or saphenous
vein were used selectively in women and men who
had small distal internal carotid arteries. Intraopera-
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tive duplex scanning and angiography were not rou-
tinely performed. Postoperative care was routinely
delivered in a surgical intensive care unit for 18
hours. After operation, blood pressure was main-
tained at or 20 mm Hg above the preoperative base-
line levels for a minimum of 18 hours, using phar-
macologic agents if necessary. This often was fol-
lowed by immediate hospital discharge in patients
who were hemodynamically stable. Patients returned
for postoperative examination at 1 week and at 1
month. Duplex scanning was performed at that
time.
Outcome definitions. Cerebral ischemia can
occur in the operating room before, during, or after
CEA or in the postoperative period, and it can be
transient or permanent. Cerebral ischemia may be
caused by flow reduction, thrombosis, embolus, dis-
section, or hemorrhage. To determine the origin of
cerebral ischemia, the specific activity that was being
performed at the time that initial symptoms began
was considered to be the cause of the ischemia. If no
new activity was being performed, other factors such
as hypertension or hypotension, particularly if they
resolved with treatment, were considered to be the
cause. Significant postoperative neurologic deficits
were evaluated with duplex carotid scans, repeat
angiography, computed tomographic brain scan, or
a combination of these to help determine the etio-
logic mechanism and guide further therapy.
RESULTS
One hundred ninety-two consecutive carotid
endarterectomies performed with the patient under
regional anesthesia were analyzed. The patients’
mean age was 66 years; 78% were men and 22%
women. Risk factors included smoking in 47%,
hypertension in 58%, diabetes in 23%, hyperlipi-
demia in 27%, and coronary artery disease in 37%.
Indications for CEA are shown in Table I. Ninety-
five percent of patients underwent CEA for carotid
stenosis, TIA, or stable stroke.
Angiograms demonstrated a carotid stenosis
>50% in all patients who underwent CEA; 23% had
a contralateral stenosis >50%, and 13% had con-
tralateral occlusion. Patients in whom intraoperative
cerebral ischemia developed are individually listed in
Table II. The degree of stenosis on the ipsilateral
side could not predict the time of onset of ischemia.
Patients with high-grade ipsilateral stenosis (>90%)
and contralateral low-grade stenosis still had unex-
pected immediate ischemia after carotid clamping.
The data were also examined to determine the rela-
tionship between contralateral stenosis and the need
for a shunt. There was a significant difference
between those patients with a contralateral occlusion
and development of ischemia symptoms on carotid
clamping versus those without (Table III); cerebral
ischemia developed in five of 26 patients (19%) with
contralateral occlusion and required the use of a
shunt, compared with four of 174 patients (2%)
without contralateral occlusion in whom shunt
placement was required. Statistical comparison using
c
2 demonstrated that this difference was highly sig-
nificant (c 2 = 15.08; p < 0.001).
Timing and incidence of cerebral ischemia. Of
the initial 200 CEA procedures, 91.5% were per-
formed entirely with the patient under regional
anesthesia (Table IV). Problems related to the anes-
thetic that were not a result of cerebral ischemia
(paroxysmal coughing in two patients, anxiety in
two, agitation in three, and high cervical block in
one), developed in eight patients (4%) before carotid
cross-clamping; all were converted to general anes-
thesia and underwent shunt placement, and none
had postoperative cerebral ischemia.
Nine of the remaining 192 patients (4.6%)
required a shunt for clamp-induced ischemia.
When carotid clamping caused cerebral ischemia,
the clinical manifestations included loss of con-
sciousness in four patients, mental confusion in
two, dysarthria and confusion in one, and con-
tralateral motor weakness in two. There was a







*Patients had these indications plus one of the first three indi-
cations.
Table II. Status of ipsilateral carotid artery in
patients with intraoperative ischemia
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bimodal distribution of the temporal appearance of
ischemia; it occurred very early or very late during
carotid clamping. The mean carotid clamp time
was 27 minutes. Cerebral ischemia developed in
four of the nine patients within 1 minute of cross-
clamping, whereas ischemia developed in five
patients 20 to 30 minutes after carotid clamping
and before unclamping. In these five patients, cere-
bral ischemia was related to systemic hypotension,
with a mean reduction in systolic blood pressure of
35 mm Hg. All awake patients in whom cerebral
ischemia developed had complete resolution of
symptoms with placement of the shunt; all patients
who were converted to general anesthetic awak-
ened without a neurologic deficit. A timeline for
development of cerebral ischemia, irrespective of
origin, is shown in Fig. 1.
Postoperative ischemia. Postoperative compli-
cations included one mild stroke (0.5%) in the ipsi-
lateral hemisphere 5 days after surgery, one TIA
(0.5%) in the immediate postoperative period in the
ipsilateral hemisphere, and one worsening of a pre-
existing stable stroke (0.5%). A severe postoperative
headache developed in one patient (0.5%). There
was one documented myocardial infarction and no
deaths. All four postoperative complications oc-
curred in patients who had no evidence of intraop-
erative ischemia or use of a shunt. None of the nine
patients who had intraoperative ischemia had a post-
operative neurologic deficit. The cause of neurolog-
ic changes in the intraoperative period appeared to
be reduction in the collateral blood flow  because it
responded to shunting. Postoperative ischemia was
a result of emboli in one patient and thrombosis in
the other and was determined by duplex scan and
computed tomographic scan. The patient who had
a headache after the operation had a normal-
appearing duplex scan and computed tomographic
scan and therefore was considered to have hyper-
perfusion. There was no correlation between
stenosis or occlusion on the contralateral side and
occurrence of stroke.
DISCUSSION
The incidence of stroke after CEA has been
progressively reduced over a period of 30 years by
better selection of patients, modifications and
improvement in surgical technique, improved anes-
thetic, and better postoperative management.6 The
benefit of CEA for both asymptomatic and symp-
tomatic patients is dependent on this low perioper-
ative stroke rate4; even greater advantages with
surgery could be demonstrated if the perioperative
stroke rate were even lower. One way to lower the
stroke rate during surgery is to observe an awake
patient during their entire perioperative period to
determine the precise cause and timing of adverse
events that may lead to or cause stroke. This study
is an evaluation of an entire series of patients who
underwent CEA awake under regional anesthesia.
Because patients were not selected on the basis of
clinical indications or anatomy, the conclusions
from this study probably can be applied to patients
who undergo CEA under general anesthesia. The
only area to which our data should not be general-
ized relates to carotid shunting. Because a small
proportion of our patients required a shunt, com-
plications related to shunt placement may have
been minimized. Surgeons who perform CEA with
the patient under general anesthesia with routine
shunting might be expected to have more shunt-
related complications. In addition, techniques that
reduce brain metabolism, such as general anesthe-
sia with electroencephalographic burst suppression
might also reduce flow-related ischemia.7 There-
fore, this technique might be considered in situa-
tions in which shunting is not feasible, such as a
very small distal carotid artery. Other than these
two specific circumstances, we believe that these
patients are representative of the usual population
of patients who undergo CEA under all types of
anesthesia.
Reduced flow accounted for the majority of the
incidence of cerebral ischemia in our patients and had
a bimodal temporal distribution. Ischemia immedi-
Table III. Status of contralateral carotid artery in
patients with intraoperative ischemia
Total Ischemia %
Contralateral occlusion 26 5 19
Contralateral stenosis >50% 46 2 4.3
Contralateral stenosis <50% 128 2 1.6
p < 0.01.
Table IV. Indication for anesthesia and shunting
# %
Initial regional block 200 100
Regional, changed to general + shunt 8 4
Regional, no shunt 183 of 192 95.3
Regional, ischemia, changed to shunt 9 4.7
ately developed in about half of the patients (within
1 minute of carotid clamping); it often was severe
and requiring immediate correction by either
unclamping or shunting. This ischemia can be mani-
fested in several ways, including agitation, confusion,
contralateral arm or leg weakness, or speech deficits.
Consequently, all of these parameters should be
monitored if CEA is performed with the patient
under awake anesthesia. Reestablishing carotid flow
immediately reversed these symptoms. In our study,
the occurrence of these symptoms did not increase
the risk of perioperative stroke. Several of our
patients were converted to general anesthesia as well
as having a shunt placed when immediate flow-relat-
ed ischemia occurred, although placement of the
shunt is the critical maneuver. We converted to gen-
eral anesthesia when we had concern about a
patient’s ability to remain still during shunt place-
ment. We also believed that use of general anesthesia
with thiopental would provide better cerebral pro-
tection in some of these densely ischemic patients.
The second peak of cerebral ischemia occurred
20 to 30 minutes after carotid clamping. This late
ischemia presumably was caused by relative hypoten-
sion, which reduced collateral blood flow through
the contralateral carotid and vertebral arteries.
Although the importance of blood pressure stability
is a general principle with any anesthesia technique,
the importance of maintaining a high-normal pres-
sure during CEA has only been discussed in a few
reports.8 Any monitoring technique, whether it uses
awake neurologic assessment, electroencephalogra-
phy, or stump pressures must be continued through-
out the entire duration of carotid clamping. Heavy
sedation of an awake patient after an initial period of
observation limits detection of cerebral ischemia in
the later stages of a CEA. In addition, use of stump
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pressures, which commonly are obtained only at the
beginning of surgery, leaves the patient vulnerable
during the procedure to later-occurring, undetected
hypotension. Ischemic vulnerability late in the pro-
cedure is dependent on blood pressure; consequent-
ly, we attempt to maintain systolic blood pressure at
least 20 to 30 mm Hg above the preoperative pres-
sure, even if this requires pharmacologic manipula-
tion. Petrozza et al.9 have shown a low stroke rate
with a similar approach.
Patients in whom late cerebral ischemia develops
will frequently resolve their symptoms with pharma-
cologic elevation of the blood pressure. If symptoms
do not resolve totally then a shunt should be placed.
A patient should not be left with any residual deficit,
no matter how small.
One group of patients is particularly vulnerable
to flow-related ischemia—those with contralateral
carotid stenosis or occlusion. Although 80% of
patients who have contralateral carotid occlusion
will still tolerate carotid clamping, 20% will not.
Consequently, the surgeon should either routinely
place a shunt in these patients or be prepared to
shunt the one in five in whom ischemia develops.
Our policy has been to perform CEA with these
patients under regional anesthesia if before the oper-
ation they are calm, have a low carotid bifurcation,
and have not had a recent stroke. We will clamp the
carotid artery for 2 to 3 minutes with close observa-
tion. If patients remain neurologically intact, we
then proceed with the procedure, maintaining the
blood pressure in a high-normal range.
If flow-related causes of cerebral ischemia are
eliminated, then other causes of cerebral ischemia
are uncommon. Carotid thrombosis with acute neu-
rologic deterioration in the postoperative period is
technical and is related to either a distal intimal flap
Fig. 1.  Graph demonstrates time of occurrence and cause of all ischemic events in 200 patients
who underwent CEA.
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or an unpatched small internal carotid artery.10
When regional anesthetic is used a small proportion
of patients are shunted, so that distal end points are
easy to visualize. If care is taken to extend the arte-
riotomy up the internal carotid artery for full visual-
ization, avoid intimal flaps, tack all protruding
ledges, and patch small arteries (particularly in
women), then the incidence of carotid thrombosis
can be reduced to less than 1%.
Of significance in our series is the absence of
other causes of cerebral ischemia that have been
reported by other authors.11,12 No patients had
emboli during dissection of the carotid artery before
carotid clamping. We do not “preclamp” the carotid
artery before mobilization, but we do take care to
“dissect the patient away from the artery.” With
careful technique, the likelihood of embolization is
extremely low.
There was also no incidence of embolization
with carotid unclamping and reperfusion. Our tech-
nique, as with most vascular surgeons, is to remove
all debris and “floaters” from the medial surface
through mechanical removal and saline irrigation. In
addition, back-bleeding the internal carotid artery to
remove debris and air, as well as antegrade reperfu-
sion of the external carotid artery first, may reduce
the risk of declamping embolization.
Larger series of patients have demonstrated other
causes of cerebral ischemia, which are probably inci-
dental or unrelated to the technical performance of
the CEA.13,14 These include postoperative stroke or
TIA in the unoperated carotid distribution. Howev-
er, close monitoring and control of hypertension and
tachycardia are easier in patients who undergo CEA
under regional, as opposed to general, anesthesia.
Blood pressure control, which we emphasize in the
postoperative period, may reduce the incidence of
these apparently unrelated causes of postoperative
cerebral ischemia, which occur as frequently on the
contralateral side as the ipsilateral side.
REFERENCES
1. Young B, Moore WS, Robertson JT, Toole JF, Ernst CB,
Cohen SN, et al. An analysis of perioperative surgical mortal-
ity and morbidity in the asymptomatic carotid atherosclerosis
study: Asymptomatic Carotid Arteriosclerosis Study. Stroke
1996;12:2216-24.
2. North American Symptomatic Carotid Endarterectomy Trial
Collaborators. Beneficial effect of carotid endarterectomy in
symptomatic patients with high-grade carotid stenosis. N
Engl J Med 1991;325:445-53.
3. Naylor AR, Merrick MV, Ruckley CV. Risk factors for intra-
operative neurological deficit during carotid endarterectomy.
Eur J Vasc Surg 1991;5:33-9.
4. Benjamin ME, Silva MB, Watt C, McCaffrey MT, Burford-
Foggs A, Flinn WR. Awake patient monitoring to determine
the need for shunting during carotid endarterectomy.
Surgery 1993;114:673-81.
5. Sbarigia E, Speziale F, Colonna M, Taurino M, Rizzo L,
Massucci M, et al. The selection for shunting in patients with
severe bilateral carotid lesions. Eur J Vasc Surg 1993;7(suppl
A):3-7.
6. McKinsey JF, Desai TR, Bassiouny HS, Piano G, Spire J,
Zarins CK, et al. Mechanisms of neurologic deficits and mor-
tality with carotid endarterectomy. Arch Surg 1996;131:
526-32.
7. Frawley JE, Hicks RG, Gray LJ, Niesche JW. Carotid
endarterectomy without a shunt for symptomatic lesions
associated with contralateral severe stenosis or occlusion. J
Vasc Surg 1996;23:421-7.
8. Frawley JE, Hicks RG, Horton DA, Gray LJ, Niesche JW,
Matheson JM. Thiopental sodium cerebral protection during
carotid endarterectomy: perioperative disease and death. J
Vasc Surg 1994;19:732-8.
9. Petrozza PH, Morell RC, Olympio MA, Colonna DM,
McWhorter JM. Neurologic changes during carotid
endarterectomy [letter; comment]. Anesthesiology 1993;79:
1142-3.
10. Rosenthal D, Zeichner WD, Lamis PA, Stanton PE. Neuro-
logic deficit after carotid endarterectomy: pathogenesis and
management. Surgery 1983;94:776-80.
11. Agrifoglio G, Bonalumi FA. Prediction of cerebral ischemia
using loco-regional anaesthesia. Eur J Vasc Surg 1993;7
(suppl A):13-5.
12. Riles TS, Imparato AM, Jacobowitz GR, Lamparello PJ,
Giangola G, Adelman MA, et al. The cause of perioperative
stroke after carotid endarterectomy. J Vasc Surg
1994;19:206-16.
13. Rockman CB, Riles TS, Gold M, Lamparello PJ, Giangola G,
Adelman MA, et al. A comparison of regional and general
anesthesia in patients undergoing carotid endarterectomy. J
Vasc Surg 1996;24:946-56.
14. Halsey JH. Risks and Benefits of Shunting in Carotid
Endarterectomy. Stroke 1992;23:1583-7.
Submitted May 2, 1997; accepted Sep. 19, 1997.
JOURNAL OF VASCULAR SURGERY
Volume 27, Number 2 Lawrence et al. 335
Dr. Patrick J. Lamparello (New York, N.Y.). Regional
anesthesia used during carotid endarterectomy has been
advocated as the best technique to identify cerebral
ischemia. Dr. Lawrence and his colleagues from the Uni-
versity of Utah have presented a retrospective review of
200 consecutive patients who underwent carotid
endarterectomy over a period of more than 5 years. Cere-
bral ischemia developed in 4.5% of their patients according
to their criteria, and these patients required shunt place-
ment during surgery. In all of these cases, the cerebral
ischemia was reversed by the placement of the shunt, and
none of these patients had a neurologic deficit. The authors
are to be congratulated for their results with a very
admirable postoperative stroke rate of 0.5% and no report-
ed deaths in this series of patients. The authors’ conclu-
sions are justified in that regional anesthesia allows contin-
uous monitoring of the neurologic status of the patient.
At New York University from 1990 to 1995, 782
patients underwent 933 carotid endarterectomies under
regional anesthesia. Recently, there has been an increasing
trend towards operating on patients who have asympto-
matic stenoses. Eleven percent of our patients had con-
tralateral occlusion, which is almost exactly the same as the
experience at the University of Utah.
Fifteen percent of our patients were intolerant to
internal carotid artery clamping and required placement of
a shunt, as opposed to the 4.5% presented in Dr.
Lawrence’s series. I would note that the NYU experience
with carotid surgery has been occurring for almost 40
years and the incidence to intolerance of carotid artery
cross-clamping has been increasing in recent years. This
may be related by a willingness or a quicker placement of
shunts by the surgeons for subtle signs of cerebral
ischemia, such as confusion, as opposed to someone who
just loses consciousness or can no longer move the con-
tralateral limb.
I would ask the following questions of the authors.
First, as alluded to earlier in this presentation, more
recently carotid artery surgery is being performed on the
basis of magnetic resonance angiography and duplex scan-
ning. I noted that in your series all patients underwent
cerebral angiography. As most of us believe that the com-
plications of cerebral angiography should be placed on
that of surgery, I would ask whether any complications
occurred from the cerebral angiograms?
Second, of the patients who refused regional anesthe-
sia because of their anxiety or unwillingness to remain
alert during the surgical procedure, can you tell us what
the results were in that particular group of patients? Did
any of those patients end up having a stroke?
Third, in tabulating your results, there was a 19% rate
of intolerance to carotid artery clamping when a patient
had contralateral occlusion, as opposed to a 2% rate of
intolerance to clamping when a contralateral carotid artery
was patent. Based on this information, would you recom-
mend routinely that patients with contralateral occlusion
undergo shunt placement, or would you be quicker to
place a shunt in the operating room in this group of
patients when very subtle signs of cerebral ischemia, such
as confusion, occurs?
Fourth, in the patients who had cerebral ischemia
related to systemic hypotension—I believe there were five
mentioned in your manuscript—when this happens at our
institution we routinely increase the blood pressure and
note that the patients are no longer intolerant to carotid
artery clamping. In your case, did you routinely place a
shunt or did you first try raising the blood pressure? Obvi-
ously, raising the blood pressure would be somewhat
quicker than placing a shunt during the middle of carotid
endarterectomy.
I wish to congratulate Dr. Lawrence and his colleagues
on an excellent retrospective review with superb results.
Our vascular group at NYU agrees with their conclusions
and agrees with the use of regional anesthesia.
Dr. Peter F. Lawrence. In response to the question
about the complication rate from angiography, let me first
state that this series ended approximately 11/2 years ago,
and we, like many other institutions, have gradually shift-
ed to using more duplex scanning as the primary diagnos-
tic technique for patients who are undergoing carotid
endarterectomy. However, in this series all patients did
have angiograms obtained. Our neuroradiologists, who
perform all angiography, have reported a 0.5% stroke rate
with cerebral angiography.
With respect to the question about the 44 patients who
refused carotid endarterectomy under regional anesthesia,
there were no significant differences in the outcome of these
patients. This was a decision based on anxiety of the patient
rather than clinical indications for those patients who were
in the general anesthesia group initially.
The third question related to contralateral occlusion. I
think that this is a critical issue, and this varies based on
the surgeon who is performing the procedure. Many of us
will not routinely place a shunt in a patient with a con-
tralateral occlusion, particularly if they have a low bifurca-
tion and seem relatively relaxed and willing to undergo the
procedure under regional anesthesia. However, our
threshold is much lower for placing a shunt, and we are
certainly prepared in all patients to place a shunt. We do
not routinely place a shunt in all patients who have con-
tralateral carotid artery occlusion unless they also have had
a recent stroke.
Lastly, regarding hypotension, when a patient
becomes hypotensive, we prepare immediately to place a
shunt; however, at the same time the anesthesiologist is
also correcting blood pressure. My experience has been
that the anesthesiologist is extremely attentive to all
aspects of the patient’s neurologic status and blood pres-
sure for about the first 10 minutes of a carotid endarterec-
tomy. Often, their interest then tends to fade. We encour-
DISCUSSION
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age them to be vigilant in that late period, but if hypoten-
sion does develop they correct it immediately. We don’t
wait for hypotension to be corrected and immediately
place a shunt. We would not place a shunt if the patient
immediately regained neurologic function.
Dr. John J. Ricotta (Stony Brook, N.Y.). Did you cor-
relate any of your shunt requirements with symptoms?
There are some old data that suggest that people who have
vertebral basilar symptoms, and certainly those who have
had a recent event, are more likely to require a shunt than
not, and I wondered whether you looked at that?
Dr. Lawrence. We did not look at symptoms, but our
impression is that there is no way to predict who will need
a shunt. The degree of stenosis on the ipsilateral side
seems to be a poor predictor as to whether the patient
requires a shunt. The only factor we found that was useful
in predicting the need for a shunt was contralateral occlu-
sion, but I have not specifically looked and tried to corre-
late the preoperative symptoms with the need for a shunt.
Dr. Ricotta. My other question is what is your feeling,
given this experience, about the need for the expeditious
placement of a shunt? I guess for surgeons who are rou-
tine shunters you might say, “Fine, get the plaque out and
then put the shunt in, rather than try to put it in with the
plaque in.” For some reason, for example, if you’re per-
forming these procedures with the patient under general
anesthesia and you feel more comfortable with a shunt, do
you think that your data suggest that maybe it doesn’t
have to be placed right away and that you can take your
time?
Dr. Lawrence. I think there are two types of patients.
Some patients lose consciousness within a matter of sec-
onds of clamping their carotid artery. I can’t say what the
outcome would be if they had not been shunted, but obvi-
ously based on that experience we believe that in this
group of patients immediate shunt placement within a
matter of 2 to 3 minutes is critical. If that cannot be done
in occasional patients who get agitated then we unclamp
the carotid artery, anesthetize them, and then place a
shunt with the patient under general anesthesia within a 3-
to 4-minute period. The later ischemia tends to be more
gradual, and I think we have more time in that group of
patients. On the basis of this experience, my threshold for
shunting has been reduced. I would never watch a patient
with any even mild neurologic symptom hoping that it
would get better or hoping that I could complete the
endarterectomy without a major deficit. If a neurologic
deficit develops, we immediately place a shunt.
Dr. Keith D. Calligaro (Philadelphia, Pa.). In terms of
effects of blood pressure changes, we have been
impressed that since we switched to cervical block anes-
thesia a few years ago that there was less occurrence of
severe hypertension or hypotension after the operation.
We have been selectively discharging patients on the first
postoperative day for about 3 years, even when we were
still using general anesthesia. We found that we can dis-
charge patients more frequently on the first day when
we’re using cervical block anesthesia because less of them
have severe blood pressure changes after operation. Have
you found that?
Dr. Lawrence. Our experience has been quite similar.
Although the focus of this paper was on cerebral ischemia,
a previous report from our institution compared patients
who underwent the procedure with general and regional
anesthesia. There also has been a recent prospective trial to
look at that same issue. I think our clinical impression as
well as that of those trials has supported the fact that there
are other advantages to regional anesthesia. There appears
to be a lower rate of cardiopulmonary complications and
fewer problems with both hypertension and hypotension.
In our experience, that also has led to earlier discharge.
The typical patient who comes for carotid surgery will go
home 24 hours later unless they have blood pressure prob-
lems, which are relatively uncommon.
Dr. Thomas F. Panetta (Brooklyn, N.Y.). I would like
you to expand a little more on hypotension. You men-
tioned a couple of events that occurred that you correlat-
ed with the neurologic sequelae, specifically the intraoper-
ative hypotension that then led you to place a shunt in a
certain number of patients. You also had the early postop-
erative blood pressure changes. What do you think is
going on with these blood pressure changes specifically
related to both high and low blood pressure? Are these
ischemic events that are happening and then you have to
shunt them? Or do you think that many of these are relat-
ed to the baroreceptor reflex? Do you inject your carotid
sinus nerve with lidocaine or transect that during opera-
tion? I also wondered whether you could speculate a little
bit with the data that you have on the possible cause of
some of these changes both during the operation and in
the early postoperative period.
Dr. Lawrence. In response to the question about
baroreceptor blockade, we do not block routinely. We do
inject the carotid sinus in patients who become brady-
cardic. I think that most of these patients, or many of the
patients, have hypertension before operation as a risk fac-
tor and tend to have more lability in their blood pressure,
whether or not they’re undergoing carotid endarterecto-
my. They would tend to be labile whether they were
undergoing carotid endarterectomy or another procedure.
If it is not addressed immediately, the consequences are
much more critical for a patient who has their carotid
artery clamped. I don’t know whether it is baroreceptor
hypoperfusion during the clamping, a vasoactive mediator,
or an ischemic event. Because all events are reversed with
no neurologic deficit, it would indicate to me that they’re
minor neurologic events. I think this is a critical issue and
one that I don’t really have a response or a good answer
to.
Dr. Panetta. Specifically, what about when you
unclamp the carotid arteries and then reperfuse the
baroreceptor, did you notice any blood pressure changes
during that time in the group of patients who were more
susceptible to the initial blood pressure changes?
Dr. Lawrence. We did not notice a significant change in
blood pressure, although many patients, with unclamping,
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have a slight amount of hypertension or their blood pres-
sure goes up slightly with unclamping. We did not specif-
ically analyze our group of patients other than noting that
they had this mean fall of 35 mm Hg when their ischemic
episode developed.
Dr. Robert W. Hobson II (Newark, N.J.). As Moder-
ator, I would like to make an introductory comment. I
remind the audience that this is not a prospective, ran-
domized clinical trial. In reports of randomized compar-
isons between the two anesthetic techniques for carotid
endarterectomy, no significant differences have emerged
between regional and general anesthesia. Although some
surgeons have recommended local or regional anesthesia
in an effort to reduce postoperative length of stay, I doubt
that anesthetic management plays an important role. In
addition, I believe that the concept of a “drive-by” carotid
endarterectomy with discharge the morning after opera-
tion should not be recommended for all patients. In my
opinion, universal discharge on the first postoperative day,
particularly for our more elderly patients, is not an ideal
arrangement. Our clinical recommendations and critical
pathways should take this into consideration.
Rosalie L. Baker (Harrisburg, Pa.). I’m wondering
whether you could address some of the complications that
required a conversion to general anesthesia. My second
question is whether there is a typical induction sequence
or protocol that is followed when general anesthesia is
required?
Dr. Lawrence. The types of problems that require con-
version to general anesthesia before conducting the oper-
ation were a high cervical block, paroxysmal coughing,
and extreme agitation without any evidence of a fixed or
transient focal neurologic deficit. We have also had a cou-
ple of patients who when placed under the drapes became
extremely claustrophobic and are unwilling to remain still
during the procedure. All of those patients were convert-
ed to general anesthesia. To our knowledge, there was no
focal neurologic deficit and these were all either related to
the anesthetic itself or the patient’s agitation.
Dr. William B. Iams (Camp Hill, Pa.). I noticed that
you put your patients in the intensive care unit for 12
hours. The need for intensive care unit monitoring is a
controversy at our hospital. My practice is to monitor
these patients for 1 or 2 hours in the recovery room and
then transfer them to the vascular floor. We use the inten-
sive care unit only selectively for patients who have uncon-
trolled hypertension or cardiac arrhythmias. Most of the
patients are discharged the following morning.
Dr. Lawrence. The reason that we sent our patients to
the intensive care unit is simply a hospital problem. Our
recovery room is not designed or equipped to take care of
patients for a period of more than 2 hours. Anyone who
might need monitoring for longer than that time routine-
ly goes to the intensive care unit. We do not believe that
it is safe to send patients directly to the vascular floor and
therefore put them in the intensive care unit. I agree with
your implication that not all patients who undergo carotid
endarterectomy need to go to the intensive care unit. In
fact, there is a very nice algorithm that Larry Kraiss at the
University of Washington has developed in which patients
are observed in the recovery room for a period of time
and, on the basis of their blood pressure stability, neuro-
logic status, and other factors, are either transferred to the
floor or to the intensive care unit.
In closing, I would like to confirm Dr. Hobson’s com-
ments that we are not advocating that all patients under-
go carotid endarterectomy under regional anesthesia. The
purpose of this review is to provide information that can
help us perform a better carotid endarterectomy, whether
it be done under regional or general anesthesia. I think
both are equally efficacious in the treatment of carotid
artery disease.
